INTRODUCTION
Locus equations summarise some key aspects formant transitions of consonants by means of straight-line relationships. The most famous case is that of F2 transitions for voiced stop consonants in CV syllables. The basic idea arises from plots of the F2 at voicing onset on the y-axis and F2 nearer the vowel centre on the x-axis. This data shows linear relationships for each consonant. Several laboratories have replicated the finding that straight lines fitted to such plots have slopes that systematically vary as a function of stop place. The placedependence of locus equation slopes is based on the degree of coarticulation of the vowel on the consonantal onset of each stop category (Krull, 1988) . Locus equations thus provide a precise quantification of coarticulation and their place-dependence has been shown to be relatively stable under various experimentally imposed conditions [1] . Harvey Sussman [2] of the Texas University has been the prime mover in research related to locus equations. He notes that locus equations were invented by Bjorn Lindblom in 1963 in an unpublished report. Nearey and Shammass (1986, 1987) independently rediscovered them and appear to be the first to use them for speech recognition. However, Sussman and his colleagues were the first to explore the concept in great depth. The term "locus" goes back to the work of Delattre and al. (1955) .
II. METHODOLOGY
Six adult male and one female speaker have recorded a large corpus and both were native speakers of Algerian Arabic language. The corpus consists of a CV token in the middle of the Arabic words and non words « saCiVjla»; where Ci are the two Arabic plosive « q » ‫ﻖ(‬ ) and « ? » ‫ﺀ(‬ ) and the two fricatives « » ( ‫ﻉ‬ ) and « h » ‫)ﻫ(‬ and Vj the three vowel of the Arabic language [a], [i] and [u] . Utterances were recorded on a personal computer in a sound-attenuating chamber. Subjects were asked to produce a CV token in the carrier phrase «men saCiVjla? » with ten repetitions.
III. MEASURMENT
The recorded signal was digitised at 16 kHz with 16 bits using a Pentium IV personnel computer. LPC and spectrogram were used to locate Vowel onset and Vowel midpoint, using procedures similar to those described by Sussman (1991) [2] and Fowler (1994) [3] . Measures of F2 were taken at vowel onset (F2 onset ) and at vowel midpoint (F2 vowel ) for the plosives; vowel onset was identified as the onset of voicing in the second formant of the vowel following consonant release. For vowel midpoint, when it is a U or inverted U shaped formant patterns, it was the value of that trough or peak. If there was a monotonic change in frequency, the formant value at the temporal midpoint of the vowel was selected. For the fricatives, the spectrogram revealed frication following consonant release at low frequencies. In these cases vowel onset was taken at frication ending. Fig. 1 Zawaydeh [4] found in her experiment, using a fiberoptic endoscope, evidence for narrowing of the pharynx through tongue root retractions during the pronunciation of the pharyngeals and uvulars. 
IV. LOCUS LINES

V. PARAMETER SPACE OF LOCUS
We represent a consonant by a locus line or just by its parameters (a, b0), the slope and the y-intercept respectively. For a given consonant, a simple transition /CV/, or (F2 onset , F2vowel) can also be represented by the line parallel to the locus line passing through that point (F2 onset , F2vowel). This line's equation is:
Then, a transition /CV/ can be represented by a vector (a,b)', where "a" is the slope of the locus line and "b" the y-intercept of the line parallel to the locus line and passing through the point (F2 onset ,F2 vowel ). For a given consonant, then, a second formant transition is represented by a vector (a 2 , b 2 ). Since a 2 is the same for all transitions, we can take only b 2 as the first component of our vector representation of the consonant.
Third formant F3 onset also is needed in order to discriminate between consonants [5] . We calculate the regression surface F3 onset = f (F2 onset , F2 vowel ) using the model:
where u  F2 onset +a* F2 vowel .
That's a surface oriented in the direction of the locus line. So, for a given consonant, the F3 onset of the /CV/ transitions can be represented by the regression surface parameters "  ", "  " and "  ". Let's put the z-
The same way, a simple formant transition /CV/, or F3 onset, F2 onset , F2vowel can be represented by the surface parallel to the regression surface and passing through the point (F3 onset , F2onset, F2vowel). Then, we just take b 3 as the second component of our vector representation of the consonant.
Observing the distribution of the b 2 's and b 3 's on Fig. 2 , we can assume a normal distribution. On the line F2 onset = F2 vowel , the formant transitions are horizontal, thus, the vocal tract does not change its configuration. Stable standing waves take place and the formants are stable.
When F2onset-F2 vowel gets higher, the vocal tract changes its configuration during the transition where some resistances to the movement take place causing the variability of the formants. Even though the second formant evolves with more stability, the third formant shows more variability. The results are shown on Table II . We can observe on Table II This observation allows us to deduce that our vector (b2, b3)' does represent well the formant transitions and also that the variability of the third formant just follows the variability of the second formant but more amplified. This will help us to explain why the second formant transitions of the phoneme This interaction between second and third formant at the perception level is also observed in our experiment with the consonant [ ] and [q] when taking locus lines by speaker as it is seen in Fig. 5 . Now, we are going to explain some results obtained in an experiment done by D. Fruchter [5] . F2 onset =F2 vowet and then forming two lobes. In order to improve the results of classification, we should take into account the variability of the variance across different vowels. So by mapping the samples in an hyperspace using Gaussian kernel, the samples would be contained in an hyperellipsoid where the variance in a given direction does not change When mapping the samples in an hyperspace using a Gaussian kernel [7] , The Mahalanobis distance is:
where X t , M and  are respectively the testing sample, the mean and the covariance matrix in the hyperspace. The "i" component of vector X t is calculated using the Gaussian kernel
m is a Gaussian kernel parameter, X t the testing sample and X the training samples. The "i" component of the mean is:
N is the number of training samples The covariance matrix
is derived in the book [5] , where G is the gram matrix or kernel matrix.
The results using Mahalanobis distance in hyperspace are best as shown in Table III . 
VII. L LOCUS
In order to check the stability of the locus line with respect to Haskins locus, we calculate locus lines for each speaker, then, we used the formula:
As did Sussman, 1991 [3] . And using another method based simply on the definition of the locus which is point of convergence of /CV/ transitions and finally compares the results. Simply, by linear interpolation, we get the /CV/ transition as a line, frequency versus time, passing through the points F2 onset , F2 vowel . The locus convergence of the 4 sound are shown in fig. 7 Figure 7. Convergence to locus
The point of convergence is when the variance of F = f (t) is minimum, and the locus is just the mean of the frequencies of the transitions at that time. The results are shown on Tables IV. "a" is the slope of the locus line, "b" the y-intercept, "sf" the locus using the formula and "sc" the locus using the convergence method.
From these tables, we can observe that locus obtained by convergence is more stable than that obtained by the formula. Let's see why the formula fails when calculating the locus.
Using the formula S= , the relative uncertainty on « S » is:
We can see that the relative error on "s" does not depend only on the relative errors of "a" and "b", but also on the factor a/ (1-a) . When the slope a < 0.5, the relative error on "a" tends to be reduced. However, when a > higher, for instance a=0.9, then the factor a/ (1-a) = 9 which increases considerably the relative error on "a" and [q]
[ 
VIII. CONCLUSION AND PERSPECTIVES
We have seen that when considering both second and third formant transitions, the space occupied by the consonants at the perception level is not just a line (locus line) but an ellipsoid strangled at the locus (F2 onset =F2 vowel ) and more than that, some deformation take place too, due to the interaction between consonants, as in the case of [g], and [ ] and [q] in the present case. Thus, each consonant occupy just some space of arbitrary shape at the perception level. And other formants, specially the first one, may too contribute to the final shape of that consonant space, and consequently in the improvement of the classification results.
The question we ask now, what is the role of the locus line or just the locus in the phoneme recognition. I'll try to answer to this question in a future work where I should use the locus in speech segmentation.
That's determining the onsets, offsets and stable state of voicing automatically.
Let's describe a bit the idea. Let's consider only second and third formant transitions F2 and F3, see Fig. 8 . 
Eliminating the parameter t, we get:
We know that when the F2 slope is steeper (a2 higher) a3 is more variable, so the ratio a3/a2 should be more stable, b2 is stable and in order to observe the stability of b3, we have determined the locus using the convergence method but using both F2 and F3 transitions at the same time in a D3 space. This line with changing slope a and y-intercept b is constantly approaching loci of phonemes but never reaches them, this is due to coarticulation. The loci of phonemes should be estimated first using the convergence method in D3 space but using only transitions pointing to locus. We can do that with the help of locus lines where transitions that do not point to locus are just deviated from the locus line. Once all the map of phoneme loci is established, we calculate the distances from all loci to the line. Since the loci are fixed and the line is changing with time, the distances are considered as a multi variable function changing with time. And every time, a minimum is observed in some component, we segment to obtain the onset, offset and stable points of voicing.
